A minimum constraints solution, which resolves the datum defect of a control network, is an arbitrary solution that may result in a systematic error in the estimation of the deformation parameters. This error is not derived from measurements and is usually inconsistent with the geophysical reality. A free network is affected only by errors of measurement and, therefore, a free network is an accepted way of coping with this problem. Study of deformations, which is based on the use of geodetic measurements, is usually performed today by defining a kinematic model. Such a model, when used to describe a complex geophysical environment, can lead to the partial estimation of the deterministic dynamics, which characterize the entire network. These dynamics are themselves expressed in measurements, as the adjustment systems' residuals. The current paper presents an extension of the definition of the parameters that are revalued. This extension enables the cleaning of measurements by means of the extraction of datum elements that have been defined by geodetic measurement. This cleaning minimizes the effects of these elements on the revaluated deformation. The proposed algorithm may be applied to achieve the simultaneous estimation of the physical parameters that define the geophysical activity in the network. 
For example, in the case of a 3D GPS network, defined by a first-order mathematical model, the datum defect is calculated as follows (where GPS vectors define the orientation and scale):
3D = [3( + 0 )+ ]×(O +1) = [3(1+0)+0]×(1+1) = 6
A trivial solution can be configured using an infinite number of variations. Such a solution uses a minimal number of defined points that participate in all monitoring actions, as an arbitrary datum of positioning. A trivial solution resolves the datum defect by using a minimum constraints solution. The Null space dimension (nullity) of the design matrix A expresses the value of the datum defect (denoted by ) and defines the number of linear constraints that are required for a minimum constraints solution:
A trivial solution of u unknowns is obtained iff (Wolf, 1977) :
where H is a by matrix, which defines the null space of the design matrix A. The Null space (kernel) of design matrix A is defined as:
Extension of the solution vector of the free network
The extension of the unknown network parameters deals with the inherent datum problem of geodetic networks. The extension enables the simultaneous estimation of parameters that describe the network's global physical behavior, in addition to the usual kinematic parameters (Papo, 1986) . The additional parameters enable a differentiation of the network's global behavior, which is described by a mathematical model, and the network's local behavior, which is described by the network points' kinematic parameters and the position of these points at a reference time (the standard network solution). This differentiation enables the analysis of deformation in a dynamic area, which can be described by non-Cartesian models. The method is based on the mapping of the estimated coordinates of network points. The mapping is performed from a vector space in which the coordinates are affected by datum components, which themselves are defined by measurements, into a vector space in which they are free of any datum effect. The observation equations describe the relationship between design matrix A, vector of unknowns , vector of measurements and vector of residuals , as defined by the Gauss-Markov linear model (Koch, 1999, pp. 153-180) :
Journal of Geodetic Science
70
A trivial solution, using minimum constraints, divides the design matrix and the solution vector into two parts:
Let us define as the number of independent observations. Then Therefore, the solution vector can be defined as a Taylor series, as follows: The mapping process defines the extended design matrix C as follows:
Hence, the extended form of the Gauss-Markov linear model is:
Definition of a unique extended solution
Definition of the mapping function as a bijective matrix defines the Jacobian matrices as full rank when:
where denotes the number of parameters included in . The dimensions of the extended system must fulfill the conditions:
The datum defect defines the rank of the extended design matrix:
The null space dimension of the extended design matrix defines the number of linear constraints for a minimum constraints solution:
A unique minimum constraints solution (Meissl, 1969) , which satisfies the condition T → , is obtained iff:
where H is a matrix that defines the null space of matrix C :
The sub-matrix H The null space (kernel) of matrix C is defined as:
A transformation between one solution pertaining to a specific datum into another solution pertaining to another datum can be example of an acceptable and convenient method of solution, which is performed in two stages. When using this method, the first step includes the adjustment of measurement campaigns to static independent networks. Therefore, this step does not include any reference to network changes that have occurred during monitoring. During the second step, the results obtained in the first step serve as pseudo-observations, which are used to adjust an approximate movement model. In fact, the network's deformations are examined at this stage, according to this model. This method can also be used for an extended network solution.
After filtering of gross errors, identical results will be obtained using all methods. However, analysis performed in stages has several advantages over simultaneous analysis: 
Cleaning of measurements
The quality of a control network and its ability to monitor deformations depends on the quality of the raw measurements. This is the main reason for the importance of being able to process raw measurements that are reliable. This processing includes the detection of measurements that contain gross errors and the implementation of compensation procedures to resolve systematic errors.
Geodetic measurements define, as noted, a partial definition of the network's datum. We treat these elements as global geometric parameters of the network, which are defined with stable datum over time. However, this assumption is not necessarily consistent with physical reality, and datum elements may sometimes change over time. This situation leads to the smearing of the systematic error's components into the parameter estimation system and may even be interpreted as a deformation (Wolf, 1977) . Using an extended solution of free network constraints enables differentiation of the measurements and the datum elements. This differentiation eliminates the effect of these elements on the revaluation of the network solution.
A trilateration network is a simple and appropriate example to illustrate the cleaning of distance measurements. The deterministic Journal of Geodetic Science 72 ingredient of a 2D trilateration network includes the scale factor element (SF), which is defined by the measurement, therefore = 1.
The datum defect includes an absence of origin and orientation definition. This defect is defined for location so = 3. Mapping of the measurement to the extended solution's vector space is performed by the mapping function:
Where the extended solution vector is defined as:
The deformation matrix is defined as:
And the coefficient matrix F is actually a vector of parameters:
The null space is defined in this case by the sub matrices:
The extended revaluation cleans the measurements by extraction the systematic errors, caused by the datum elements, which are defined by the measurement themselves. This extraction characterized the measurements without the bias of datum elements.
However, the revaluated solution is a free network, and as such, all network points are defined as a datum. Since the solution solved for each measurement campaign, it is necessary to determine a fixed set of points, defined with the same approximated values, for all the measurement campaigns. Revaluation in this way ensures the compatibility of the cleaned parameters, which refer to the same reference source, and enables an optimal cleaning of the datum element. However, cleaning using a free network assumes the absence of deformation along the measurement campaigns.
This assumption is mistaken in the case of a deformable network, and the solution shall therefore be revaluated according to a stable datum, using a weight constraints solution procedure. The revaluation of geometric parameters is performed during the first step of the network solution. In this step, the revaluated networks are static for each campaign, with no definition of the time dimension.
Therefore, the datum defect is solved for position only. 
Dynamic modeling of tectonic movement
where represents the orthogonal distance to the fault, LD represents the locking depth and V is the transform velocity.
The dynamic model is actually a physical interpretation of the coordinate's velocity. Therefore, the coordinates of the network points at a given moment are:
Solving the problem of non-regularity
Modeling of physical phenomena requires the use of discrete mathematical tools. When the phenomenon is continuous, the model may be characterized by irregularity. Physical phenomena may be described by a unique mathematical model which relies on its continuous data (Hadamard, 1902) . A function that describes physical phenomena usually consists of physical parameters, such as temperature, humidity, pressure, velocity, gravity, etc. The revaluation of physical parameters using measured data is an inverse problem. When measuring physical phenomena, physical parameters are often characterized by high sensitivity to changes. Therefore, conventional mathematical tools are usually not suitable for the revaluation of these parameters. Revaluation the parameters of continuous physical phenomena requires the phenomenon discretization. A discrete system of equations that describes these parameters is usually characterized as a singular ill-conditioned system. A stable numerical solution is guaranteed only in the case of a well-conditioned system of equations. (Hansen, 1998, pp. 3-6) . This property depends on the physical phenomena and on the discretization degree (that depends on the number of observation and the number of unknows) . The value of the condition number quantifies the level of conditioning.
This value is equal to 1 or higher, where a lower value indicates a higher stability of system. The condition number of a G matrix can be calculated as (Bjerhammar, 1973) :
Since C T C = N, we have to inverse a normal matrix. In this case, it is possible to calculate the condition number as an absolute value of its eigenvalues relation:
where λ (N) and λ (N) are the maximum and minimum eigenvalues of the normal matrix, respectively. Estimation of the parameters of the movement model is actually a differentiation between the physical deterministic dynamics and local deformations.
Estimation of physical parameters of movement model
The second step of deformation analysis uses the adjusted coordinates of the first step as pseudo-observation. This step revaluates parameters according to a movement model that includes the time dimension and enables revaluation of kinematic parameters, in addition to the standard network coordinates. While executing an extended result of the first step, the pseudo-observations of the second step are regarded as cleaned and are not affected by any datum elements defined by measurement. In this step, an extended solution enables the separation of the network's deterministic movement and local deformations. The second step usually includes a non-linear dynamic model, so, the model's non-regularity problem is solved (for detail, see the previous paragraph). The mapping operation during the second step can be performed using the same concept that is implemented during the first step. In this case, the solution vector x in the origin space consists of u unknowns and can be divided into two parts. One part of size [u/2] includes the values of the standard network .
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The second part of the same size includes the kinematic velocity of each point . Therefore, has the following form:
Let us assume that the network is measured by GPS. The datum defect of a 2D GPS network, which is defined as a first-order model, is duplicated, for both position and velocity ( = 4). As noted, the first step solves the network datum defect. The velocity datum defect is expressed in the second step. Therefore, the standard network and the velocity field are defined as follows:
Where the sub-vector 0 represents /2 constraints which are solve the datum defect of velocity.
In order to further develop this example, let us assume the network behaves approximately as an infinite locked fault. The network model represented by equations 30 and 31 is a dynamic model that is characterized by instability. In this case, we use constraints to ensure a stable solution. These constraints include the fixing of model parameters, which define the fault location and the depth of locking. The free physical parameter which shall be solved and differentiated is V , which represents the fault velocity. Therefore, = V and the solution vector of the target space Z is defined as:
where and represent the standard network and the velocity field in the target space. A system of equations for mapping between spaces, for the standard network and the velocity, is defined as:
Hence, the deformation matrix D is defined as:
where,
The coefficients matrix F is defined as:
Discussion
We distinguish between two types of deterministic parameters, Journal of Geodetic Science extraction prevents the spreading of systematic error from the raw measurements to the parameters estimation system, which may also be interpreted as deformation and thus prevents systematic error from being erroneously interpreted as a deformation.
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